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ABSTRACT 

Crustal Evolution Education Project (CEEP) modules 
were designed to: (1) provide students with the methods and results 
of continuing investigations into the composition, history ,"aTT3r~*~ 
processes ofTthe earth's crust and -the application of this knowledge 
to man's activities and (-2) to be used by teachers with- little or no 
previous background in the modern theories of sea-floor spreading, 
continental drift, and pl'ate tectonics. Each module consists of two 
booklets: a teacher's guide >and student investigation. The teacher's 
guide contain^ all of the information present in the student 
investigation booklet as w^ll as: (1) a general introduction; (2)^ 
prerequisite student background; (3) objectives; (4) list of required 
materials; *(5) background information; (6) suggested approach; (7) 
procedure, including number of 45-minute class periods required; (8) 
summary questions (with answers)? (-9) extension act ivit ies ; - and (10) 
list of references. Two class periods are suggested to complete the 
activity in this module in which students find the age of a rock by,u 
using radioactive decay curves, decide whether or not two imaginary 
continents may have been join'ed together at one time, and estimate 
the unknown ages of rock units by inference. (Author/JN) 
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NAGTCrustal Evolution 

* * 

Edward C. Stoever, Jr., 

Welcome to the exciting world of current research 
into the composition history and processes of the 
earth s crust and the application of this knowledge 
to man s activities The earth sciences are 
currently experiencing a dramatic revolution in 
our understanding of the way in which the earth 
works^CEEP modules are designed to bring into 
the classroom the methods and results of these 
continuing investigations The Crustal Evolution 
Ed jcation Project began work in 1974; under 
tne auspices of the National Association of 
Geology Teachers CEEP materials have been 

-^ev^toped oy teams of scre'nce educators 
c.'assiponn teachers. and scientists Prior to 
D'ibi-ration the materials were field tested by 
^ thar 200 'eacners and over 12 000 students 

• C s'Qr* crjstaf evolution research is a breaking 
s*o r v *^a* students are living tnrougn today 



Education Project 

Project Director 

Teachers and students alike have a unique 
opportunity through CEEP modules to share in the 
unfolding of these educationally important and 
exciting advances CEEP modules are designed 
to provide students with appealing' firsthand 
investigative experiences with concepts which are 
at or close to the frontiers of scientific inquir^ into 
plate tectonics Furthermore, the CEEP'modules 
are designed to be used by taachers with little or 
no previous oackground in the modern theories 
of sea-floor spreading continental drift and plate 
tectonics. 

^ We Know that you will enjoy using CEEP "* 
modules m your classroom Read on and be 
krecared to experience a renewed enthusiasm for 
teacning as you learn more about the living earth 
n t>, s 'ina other CEEP modules 



About CEEP Modules.. . 

Mos* CEE p ^oa^ies consist oftwo booklets a 
^eac^ers G^ide ana a Student Investigation The 
^eacnprs G^de contains all the information i 
a°d '-jst^at^o^s -r. tne Student Investigation 
o ! ,s sect, ^-^5 onnted > r color intended only fo/ the 
r^acner as <ve as answers to tne questions tnat 
a^e --c : uded the Student Investigation 
1^ 3Q^, e nn 0 rjuies tnere are illustrations tnat 
ar)oea r oriy w \r,% Teacner s -Guide and tnese are 
les'^pated tj/ iig^r'e setters instead of the numoer 
s^a .^nce jsed m the Student Investigation, 
f ~jr some modules maps rulers and other 
com—.o^ c'assroo^- materials are needed and in 

\ > 
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.ar/.ng quantities according to the method of 
oresenta'ion Read over the module be f ore 
scheduimg its use m class and refer to the list of 
MATERIALS in > *ne moddie 

Eac^ module* is individual and self-contained in 
content out some are aivided i^to two or more 
na^s 'or convenience T he recommended length 
-/ time for each module is indicated Some modules 
r.-qiiirf D^reauisUe knowledge of some aspects 
o^ naS'C earth science this is noted in the 
Te^cner s Guide 



jh e ^atenai was prepaid' 'with the 
Suppor* of National Saer.ee Foundation 
Grant Nos SED 75-20151 SED 77-08539 
and S^D 78-25104 However any opinions 
f-ndmgs conclusions or recommendations 
expressed herein are those of the author(s) 
and do'not necessarily reflect the views 
o* NSF 

*m order to comply with U S Public Law * 
94 86 every school district in the USA 
usmg these materials agrees to make 
*h#m available for inspection by parents or 
guardians of children engaged in 
educational programs or projects of the 
school district 
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Imaginary Continents: 
A Geolpgical Puzzle 



INTRODUCTION ^^^^^^^^^^^^^y^ 

•> 

This module suggests to the student that knowing 
tfae ages of rock types on two separated land 
masses is a clue to their having once been 
famed together. The student isjihen provided with 
a graph'showing four radioactive decay curves. 
From this graph, the student calculates the 
_ages of sixj'ock unite^- 

The puzzle can now be solved by cutting out 
the continents and trying to see if tbe continental 
coastlines match. Most students find that the 
continents do not fit very well. They then 
follow the hint aRd solve the puzzle by* bringing 
the "X" rock units together. . 

Experience has shown that the students enjoy 
this activity and are intrigued by the idea that 
sea-floor spreading took place as the continents 
moved apart. In fact, they will reconstruct the 
motion several times after they Solve the puzzle. 

PREREQUISITE STUDENT BACKGROUND 

Although it js not necessary in carrying out 
this activity to know how graphs of radioactive 
• decay are produced, it-is suggested that 
some background on this subjecfbe provided 
before the activity is initiated. 

OBJECTIVES " - - 7*- . \ 

After you have completed this activity, you 
should be able to • , 

"1. fond the age of a rock by using a 
radioactive decay-curve / • • 



Imagine you are looking at the earth from a 
spaceship Does it look like South America and 
Africa were'once joined together 9 Would 
knowing the ages of the rocks on the two continents 

help you to decide 7 ' # 

Geologists have been trying to find out tf these 
continep*«swere joined together long ago 
They pe ma'kirjq many comparisons including 
evidence from fossils, glacial features, and 
rock ages In this activity you will be comparing 
the ages of rocks on two imaginary continents 
Suppose you are a geologist Were the imaginary 
continents once one giant continent 9 As in other 
puzzles, the solution may surprise you' 



2. Decide whether or not two imaginary 
continents .might have been joined at one time 

3. Estimate the unknowmages of rock Units 
by inference * 



MATERIALS 

Scissors 



BACKGROUND INFORMATION 

The information that follows will be helpful in - 
explaining to your students how radioactivfe 
decay curvesare formed. The idea that a 
geologist can take^some rock^aruJ, by using 
spientific equipment, detfermirtfc their ages, may 
be new to some students. <• 

The tebhnical parf of this activity is concerned ' 
with the radioactive decay process and iiow it 
is used in the dating of*rocks. 



When a mineral containing radioactive material / 
forms, a "clopk" is started^ the products of 
radioactive decay begin to accumulate in the 
mineral. Radioactive decay is a spontaneous 
process that occurs in the nuclei of atoms. It 
invplves the please of various fc^rms of radfation, 
as a result of wtiichhboth the mass and the 
atomic number pf the original jelement change to 
produce other elements (dagghter elements). . 

The stages in the radioactive decay of 238 U f shown * 
in Figure A, will*help to illustrate the changes • 
that take place in several stages of decay. 



9 

ERIC 



*4 



/ 



tU 



: : Th- 



;*Ra : . — -leRn — 
' . 99.96% 



Pa 



-:;u 



Th 



0 



Bi 



",Po 



1 0.04% 



*-Po — *\ : Pb 

*■ :\Po ; 

- :.Ti . 



r — - — >- 



;_Pb 



Bi 



Pb 



Figure A. Stages in the radioactive decay of 
Uranium-238. 

Source: AGi, 1967, Investigating the earth, 1st ed., 
TE *2, Boston, Houghton Mifflin Co., p. 473. 

Another way of expressing the radioactive process 
is shown in Figure B. Notice that 238 U decr^Sses 
with time and that 206 Pb (the daughter element) 
increases with time. At any one moment, the 
sum of the percentages of each element remaining 
equals 100 percent of the original radioactive 
material. , 

In Figure B the time in "half-lives" is indicated 
along the horizontal axis. Since the scientists 
can measure the half-lives of many different 
radioactive elements, the time can be reported 
in years — as you see on the radioactive decay 
curve in the student activity. 

When dating rocks containing uranium, both 
isotopes are usually used to determine the age of 
the rocks. Th^ ages always agree unless some 
of the isotopes have escaped. 
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SUGGESTED APPROACH ^ 

Prior to presenting this activity to the students, 
explain the principles of radioactive decay 
and the radioactive decay graph. Be sure they can 
obtain the data they need for this activity from the 
radioactive decay curve. / 

Pre-lab'(5 minuses). You might point out on a 
globe that it looks like South America and Africa 
were once joined. Ask the class, *lf they were 
joined, would the rock units on each continent 
be the sam$ age?" Then leati Into the activity and 
let the students work individually or in groups 
of two* 



■ . c. ..... 

Figure B. Rate of radioactive decay. 



During the laboratory walk around the class to 
answer any questions of procedure, 

^ost-lab (10 minutes): Review the students' 
answers to the questions and the yalues they 
determined for the rock ages. Ask the 
students to explain what happened after the two 
continents separated. (Answer. Sea-floor . ^ 
spreading took place and split the continent of 
Bewarland.) Conclude the post-lab with a 
statement that finding the ages of rock units to be 
the same is good evidence that the landmasses 
were once joined together. However, additional 
evidence is required if we want to be sure 
that drift occurred. 
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Figure A. Stages in the radioactive decay of 
Uramum-238. 

Source: AGI, 1967, Investigating the earth, 1st ed., 
TE *2, Boston, Houghton Mifflin Co., p. 473. 

Another way of expressing the radioactive process 
is shown in Figure B. Notice that 238 U decr^Sses 
with time and that 206 Pb (the daughter element) 
increases with time. At any one moment, the 
sum of the percentages of each element remaining 
equals 100 percent of the original radioactive 
material. , 

In Figure B the time in "half-lives" is indicated 
along the horizontal axis. Since the scientists 
can measure the half-lives of many different 
radioactive elements, the time can be reported 
in years — as you see on the radioactive decay 
curve in the student activity. 

When dating rocks containing uranium, both 
isotopes are usually used to determine the age of 
the rocks. Th£ ages always agree unless some 
of the isotopes have escaped. 
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SUGGESTED APPROACH m 

Prior to presenting this activity to the students, 
explain the principles of radioactive decay 
and the radioactive decay graph. Be sure they can 
obtain the data they need for this ^activity from the- 
radioactive decay curve, / 

Pre-lab'(5 minuses). You might point out on a 
globe that it looks like South America and Africa 
were once joined. Ask the class, "If they were 
joined, would the rock units on each continent 
be the sam$ age?" Then leaft into the activity and 
let the students work individually or in groups 
of two* 



■ - ( .. 

Figure B. Rate of radioactive decay. 



During the laboratory walk around the class to 
answer any questions of procedure. 

^ost-lab (10 minutes): Review the students' 
answers to the questions and the yalues they 
determined for the rock ages. Ask the 
students to explain what happened after the two 
continents separated. (Answer. Sea-floor . ^ 
spreading took place and spilt the continent of 
Bewariand.) Conclude the post-lab with a 
statement that finding the ages of rock units to be 
the same is good evidence that the landmasses 
were once joined together. However, additional 
evidence is required if we want to be sure 
that drift occurred. 
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Note: You shduld keep in'mlnd that this activity Is 
developed In vastly simplified form. Geologists 

generally a'gree that radiometric dates are 1 f 

not as definitive as other evidence, e.g., rock 

types, geologic structure, and fossil collections. \ 
Remind your students that positive correlation v 
between continents requires multiple lines, 
of evidence, 

' PROCEDURE ggs^^sj^ss^^ 
In this activity, the student will determine the 1: Look at the shape of the imaginary continents 

*ges of six rock units from a graph containing on the Worksheet Do they look like they would , 

four radibactive decay curves^ Using this data, fit together in any way? 

they fit Imaginary continents together Students may answer yes or no. 

Key word: radioactive decay (You wlH need to # 2. Determine the ages of therdifferent rock units 

explain this concept since it is not defined k * by completing Table 1. You can find the age 

in ft the module.) 1 of each rock unit by u%ng the graph in Figure 1 

Time require'* one 45nnlnute period or longer as explained by your teacher 




Hint! * 

Everyone knows that when £ puzzle is SQlved the 
pieces should fit together perfectly or almost 
perfectly. Think about this puzzle a minute 
and then cut completely around each,£ontment ' 
Each continent should be one complete piece. 
You no\v have two pieces)of paper. Wty^ttan you 
do with Bewarland and rock type X in order 
to make the continents fit together? 

Move rock type X ur\Jil the edges touch each "other. 

What you have just donfc is similar to one of the 
methods which scientists use to suggest that 
continental positions may have been different 
in the past 
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3. Using the age of the rocks recorded in Table 1. 
draw dashed lines between the continents on 
the Worksheet to match rocks of similar age „ 
Be sure to draw your dashed lines f/om the rock 
boundary lines of one continent to the rock 
boundary lines of the other 
Note Rock ages support the joining of continents 
if (1) rocks of the same type in corresponding 
parts of the two continents.are about the same 
age, and (2) there are many, many rock samples of 
known age to compare. If the rock types are 
not the same age, then the continents were 
probably not joined 

Could the continents have been one big continent 
♦based on th£ ages of corresponding rock 
types? 

Most students should write yes. 



4. To see if the continents fit, cut along the sides 
that you think fit together See if the shorelines 
match ' 

CAUTION: When cutting out the continent 
Beyvariand, sft*dents should not-cut through the 
notch. The activity .works better iKthe continent 
Bewarland is not cut in half. "~ 
Could the^contments have fit together at one 
time? I [ - / 

Most students will write no. 

If you answered noTpY' don't know, ask your 

teather for a hint ' \ 

The hint (see-above) is reproduced on the reverse 
side of tKe student Worksheet. 

I* V 

5. Rock uni^s p and W were not analyzed What 
are their probable ages 9 

RpckUnit D *0.3 x 10 9 years 
^Rock UniMfl 1.4 x 10° years 
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Table 1. 
Ages of the rock-units 

Rock Radioactive % of Original Ag'e of Rock 
Unit Element Mass / 
Remaining 



A 


• 238(J 


60 


3.3 


x 10 9 


years 


Q 

D 


2351 1 


c.0 


1 A 


A i U 


years 


C 


87 Rb 


• 97 5 


2.3 


x 10 9 


years 


X 


235(J 


125 


2.1 


x 10 9 


years 


Y 


238 U 


95 


0.3 


)C10 9 


years 


Z 


232J h 

• 


87.5 

_ 


3.25 
•* 


x 10 9 


years 
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SUMMARY QUESTIONS - . - _ . : v _ % ^ ^^t^^'^^^&^^^m^^^m^ 

1. What other kinds of evidence might support " , 
the itea that two continents were once joined 9 

Additional evidence could include: 

a. the fossils found in each continent / ' 

b. geological features ^ ^ 

c. ages of Dther types of rc&ks 

2. Why is it important for scientists to compare ^ 
corresponding rock types as well as corresponding 

rock ages when notching rocks on different ^ * V, 

continents? ^ # 

Corresponding rock types must be compared v 
because knowing thfot the ages of the rocks . 

are the sanrie is rjpt enough^ The ages must ^ 
"correspond" to the geometric fit of the rock types. . * m 

Otherwise any two or more cohtinents could 

be joined because they all have rocks of w * 

similar ages. 

EXTENSION * % , 

Read the article by P M. Hurley in Saentrfic • - 

-American, listed in the REFERENCES, and 
compare his findings with what you have learned 
in this activity (The article was also reprinted 
in Continents Adrift, 1972, W H Freeman and 
Co.) Do you think that Africa and South America, 
were once combined into one targe continent 9 



REFERENCES 

AG I, 1978, Investigating the earth, 3d ed , TE, 

Boston, Houghton Mifflin Co , p 306-308 
Eicher, D L , 1976, Geologic time, Englewood 

Cliffs, N J , Prentice-Hall, Inc , 150 p 
Hurley, P M , 1968, The confirmation of 

continental drift Scientific American, v 218, 

no 4 (Apr ), p 63-64 
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NAGT Crustal Evolution 
Education Project Modules 

CEEP Modules are listed here in alphabetical 
order Each Module is designed for use in 
the number of class periods indicated. For 
suggested sequences of CEEP Modules to 
covlr specific topics and for correlation 
of CEEP Modules to standard earth science 
textbooks, consult Wards descriptive 
literature on CEEP The Catalog Numbers 
shown here refer to the CLASS PACK - 
of each Module consisting of aYeacher's ' 
Guide and 30 copies of the Student 
Investigation See Ward's descriptive 
literature for alternate order quantities 



Class CLASS PACK 



Coo/right 1979 Except for the rights to 
materials reserved by others the 
nubltsher and the -copyright owner hereby 
grant permission without charge to 
^oTir^hc persons of the U S and Canada 
for .jse of this Work and related materials 
1^ the English language in the U S and 
Canada after ^985 For conditions of use 
^ind Demission tojjse the Work or any part 
thereof for fOfeign'publicatioos or 
publications in other than the English 
language apply to the copyright owner or 
publisher 



CEEP Module 


Periods 


Catalog No- 


• A Sea-floor Mystery: Mapping 


• J 3 


34 W 1201 t 


Polarity Reversals 










• Continents And Ocean Basins: 


3-5 


34 


W 


1202 


Floaters And Sinkers 










• Crustal Movement: A Major Force 


2-3 


34 


W 


1203 


• In Evolution 










• Deep Sea Trenches And Radioactive 


1 


34 


W 


1204 


Waste 










• Drifting Continents And Magnetic 


3 


34 


W 


1205 


Fields 










• Drifting Continents And Wandering 


4 


34 


W 


1206 


Poles 










• Earthquakes And Plate 


2 


34 


W 


1207 


Dm inH onac 

Dounuaries ^ 


i 








• Fossils As Clues To Ancient 


0 1 


34 


W 


1208 


Continents 










• Mot bpots in i ne tann s orust 


O 


34 


W 


1209 


• How Do' Continents Split Apart? 


2 


34 


W 


1210 


• How Do Scientists Decide Which Is) 


2 


34 


W 


1211 


The Better Theory? 










• How Does Hfcat Flow Vary In The 


2 


34 


W 


1212 


Ocean Floor? 










• How Fast Is The Ocean Floor 


2-3 


34 % W 1213 


Moving? 






i 




• Iceland: The Case Of The Splitting 


3 


34 


w 


1214 


Personality 










• Imaginary Continents: A Geological 


2 


34 


w 


1215 


Puzzle 










• Introduction To Lithospheric 


1-2 


34 


w 


1216 


Plate Boundaries 










• Lithospheric Plates And Ocean 


2 


34 W 121£ 


Basin Topography 


• 








• Locating Active Plate Boundaries 


2-3 


y 


w 


1218 


By Earthquake Data 










• Measuring Continental Drift: The 


|X 2 


34 


w 


1219 


Laser Ranging Experiment 










• Mtcrofossils, Sediments And 


4 


34 


w 


1220 


Sea-floor Spreading- 










• Movement Of The Pacific Ocean 


2 


34 


w 


1221, 


Floor 










• Plate Boundaries And' Earthquake 


2 


34 


w 


1222 


Predictions 










• Wotting The Shape Of The Ocean 


2-4 


34 


w 


1223 


Floor 










• Quake Estate (board game) 


3 


34 


w 


1224 


• Spreading Sea* Floors And Fractured 


. 2 


34 


w 


1225 


mages 










• The Rise And Fall Of The oering 


o 
c 


34 


w 


1227 


Land brtage 










• Tropics In Antarctica? 


o 
c 


34 


w 


1228 


• Volcanoes'. Where And Why?' 


2 


34 


w 


1229 


• What Happens When Continents 


2 


34 


w 


1230 


Pnlllrip? 


^» 








• When A Piece Of A Continent J 


34 


w 


1231 


Breaks Oifjf 










• Which Way Is North? 


3 


34 


w 


1232 


• Why Does Sea Level .Change? 


2-3 * 


34 W 


1233 
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Imaginary Continents: 
A Geological Puzzle 



DATE 



0 



INTRODUCTION • v 

Imagine you are lacking at the earth from a 
spaceship Does it look like South America and 
Africa were once joined together^Woulcj 
knowing the^ges of the rocks on the two continents 
help you \o decide 9 

Geologists have been trying »to find out if these - 
contmehts were joined together long ago 
They are making many comparisons including 
evidence from fossils, glacial features, and* 
rock ages In this activity you will be comparing 
the ages of rocks on two imaginary continents 
( Suppose you are a geologist Were the imaginary 
continents once one giant continent? As in other 
puzzles, the solution may surprisp you ! , 

OBJECTIVES • % - 

After you have completed" this activity, you . 
should be able to 

1, Find the age of a rock by using a 
radioactive decay curve. 

2, Decid'e whether or not two imaginary 
continents might have been joined at one tfme 

3, Estimate the unknown ages of rock units 
by inference •/ 
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PROCEDURE — 

Matenals.fscisaors - *• ^ 

1. Look ajt the^shape of the imaginary continents 
on the'Worksheet Do they look like tbey would 

fit together in any way? * ■* ' '/ 

2. Determine the ages of the different rq*ck units , 
by completing TabieJ Youxan find the age" 

of each rock unit by Using the graph in Figure 1 
as explained by your 'teacher. 

3. Usmjg the age of the rocks recorded in Table 1, 
draw dashed Itnes between the continents on 

the Worksheet matfch rocks of similaf age. . ' v 
Be sure to draw your dashed lines.from the rock " 
boutrc^aVy lines ot one continent tp thQ rock - * 
boundary lines of the other. ' fc _ • 

Note. Rock ages support the joining of continents 
if (1) roSks of the same type in corresponding 
parts of'the'two continents are about the same 
age, and (2}.there are many, many rock samples of 
kndwn age to compare If the rock types are 
not the same age, then the continents were. 
: probably not joined 

Could the continents have been one big continent 
based on the agesiof corresponding rock 
types? 1 1 



r ^ 

4. .To see if^the cor^ients fit, cfut along the sides * 
that you think fit together. See-if the shorelines 
m^tch. " 

Could the continents have fit together at one 

time? L • * " 

If you. answered no, or don't kho,w, ask your 
teacher for a hint. * * - 

5. Rock units D^and W were not analyzed What 
are their probable ages 9 

Rock Unit D years ' j 

Rock Unit W years . * 
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1 Table 1. 






Ages of the. rock units 




Rock Radioactive 


% o/ Original A$e of floc/r 


Unit 


Element 


Mass 








Remaining 




A 


238JJ 


• 60 


x 10 9 years 


B~ 




...-.25 .- 


• x 1 0 9 years 


. C 


87 Rb 


97.5a 


x iU years 


X 


; 23s u 


• 125 ' 


x 10 9 years 


"Y 


238y 


95 


x 10 9 years 


- Z 

' 4 


' « 232 Th ' 


87,5 


x 10 9 years 




^7 



Hint! 

Everyone knows that when a puzzle is solved the 
pieces should fit together perfectly or almost 
perfectly Think about this puzzle a minute 
and then cut completely around each continent. 
Each continent should be one complete piece. 
You now have two pieces of papsr. What can yo 
do with Bewarland and rock, type X in order 
to make the continents fit together? 

What you have just flone is similar to one ot-the 
methods which scientists use to suggest that 
continental position? may have been different 
in the past. 



x O 



SUMMARY QUESTIONS 

1. Jj^hat othef kinds of evidence might support 
the idea that two jcontinehts were once joined? 



2 Why isjt important for scientists to compare 
'corresponding rock types as well as corresponding 
rock ages when matching rocks on different 
continents 7 4 

\ 



EXTENSION ^ '** 

Read the article by P.M. Hurley in Scientific 
American* listed in the REFERENCES, and 
compare his findings with what you have learned 
in this activity. (The article was also reprinted 
in Continents Adrift, *1$72, W.H Freeman and 
Co.) Do you think that Africa and South America 
were once combined into one large continent? 

REFERENCES ^^^^-s-omiswwv 

Richer, D.L, 1976, Geologic Jime. Englewood 

* ''Cliffs, N.J., Prentice-Hall, Inc., 150 p. 
Hurley, P,M , 1968, J tie cdnfirmation of 

* -continental drift. Scientific American, v. 218, 
no! 4 (Ap>^p 63-64 



